We compare real-world networks from 11 different domains, which are summarized in Supplementary Table S .1. Due to the computational time required for the network comparison experiments, we limit the maximum number of networks considered from each domain to 20. For each of the domains of autonomous systems, Facebook and protein structure networks, we choose the 20 networks with the smallest number of nodes. For the domain of metabolic networks, we first include networks of nine biologically well-studied organisms (i.e., A. thaliana, C. elegans, D. melanogaster, E. coli, H. sapiens, M. musculus, R. norvegicus, S. cerevisiae, S. pombe), and then we arbitrarily choose the remaining eleven networks among the other organisms.
PERFORMANCE OF NETDIS VERSIONS ON REAL-WORLD NETWORKS
In Figure 4 of our manuscript, we compare NetDis with other alignment-free network distance measures by evaluating their network clustering performance on real-world networks from the 11 domains that are listed in Supplementary Table S .1. The NetDis distances presented in this figure are computed by using the SFGD network null model as the gold-standard. In Supplementary  Figure S .1, we complement the results from Figure 4 in the main paper by showing the performance of different NetDis versions that are computed by using different network null models as goldstandard networks (i.e., ER, ERDD, GEO, GEOGD, SF, SFGD and STICKY). We observe that NetDis-3 consistently performs worse than NetDis-4, and that NetDis achieves the highest AUPR scores when using the SFGD network null model as the gold-standard (as opposed to using any other network null model). This is exactly why we show results for NetDis computed from the SFGD network null model in Figure 4 of the main paper -we aim to give to NetDis the best-case advantage against its competitors.
Nonetheless, even when giving this best-case advantage to NetDis, RGFD still achieves a higher AUPR score than NetDis-4. Clearly, the same holds when using any other network null model used as the gold-standard. And while NetDis-4 achieves a slightly higher AUPR score than GCD-11 and GCD-73 in this best-case scenario of using the SFGD network null model as the gold-standard, as soon as any other network null model is used as the gold-standard, it is the two GCD versions that are superior. Ali et al. (2014) claimed that NetDis-4, when using the DIP core yeast protein-protein interaction (PPI) dataset as the gold-standard network, can reconstruct the phylogenetic tree of five species (i.e., yeast, human, fly, E. coli and H. pylori) based on (dis)similarities of the species' PPI networks from HPRD and DIP databases.
PHYLOGENY RECONSTRUCTION WITH NETDIS
However, we question this claim. First, the network datasets used by Ali et al. (2014) may be out-dated -the most recent network they used is from 2012. Hence, the conclusions drawn from these datasets might have already changed with the updates of the databases. Second, the networks used by Ali et al. (2014) come from DIP, whereas alternative databases exist. Hence, the conclusions drawn from the DIP networks might not hold for networks from other databases. Third, we believe that it is not a valid approach to use a PPI network as the gold-standard network for NetDis computation, nor to use the same gold-standard network for all of the five species. This is because PPI networks of different species vary in their sizes and densities. These networks are also highly incomplete, with different incompleteness levels in networks of different species. Although the yeast PPI network (not necessarily the one that Ali et al. (2014) used as their goldstandard network) is the most complete PPI network available, normalizing the graphlet counts of the other species' PPI networks (i.e., human, fly, H. pylori and E. coli) based on the graphlet counts of the yeast DIP dataset might introduce different levels of bias into the normalization procedure. We think that gold-standard networks generated from a well-fitting network null model (e.g., the geometric network model (Pržulj, 2007) ), which would match the size of the PPI networks, should be used for normalizing the graphlet counts of the PPI networks during NetDis computation. Such an approach could avoid biases introduced by NetDis due to the network size differences between the yeast DIP gold-standard network and each species' PPI network. Fourth, Ali et al. (2014) c Oxford University Press 2015. The plots illustrate the precision-recall curves obtained by clustering real-world networks from different domains with NetDis versions that use different gold-standard networks (i.e., ER, ERDD, SF, SFGD, GEO, GEOGD and STICKY) and different graphlet sizes (3-node and 4-node graphlets) to define their network distance measures. "NetDis-X-Y " denotes the NetDis version with network null model X and graphlet size Y . Panel A illustrates the precision-recall curves obtained from NetDis-3 (NetDis with 3node graphlets) and Panel B illustrates the precision-recall curves obtained from NetDis-4 (NetDis with 4-node graphlets). The corresponding Area Under Precision-Recall curve (AUPR) scores of NetDis are provided in the table below the two panels.
provide no justification behind using NetDis-4 instead of NetDis-3 to reconstruct the phylogenies, nor they discuss the phylogenetic tree that would be reconstructed by NetDis-3. If NetDis can indeed be used to correctly reconstruct the phylogenetic tree based on the underlying topological similarities of the species' PPI networks, as the authors claim, then using any NetDis version (i.e., NetDis-3 versus NetDis-4) should produce the same tree. Otherwise, this would indicate the lack of robustness of NetDis to the choice of its parameters (i.e., graphlet size in this case). Fifth, it is also questionable whether it is necessary to use NetDis, a computationally intensive method, for phylogeny reconstruction.
If some simpler and easier-to-compute network properties, such as network density, can also produce similar results, then the extra processing time spent on the computation of NetDis remains unjustified. We empirically validate our above arguments, as follows. We mimic the phylogeny reconstruction experiments of Ali et al. (2014) to test the validity of their claims. In these experiments, we test whether the same phylogenetic tree as the one reported by Ali et al. (2014) (Supplementary Figure S. 2) can be reconstructed by: (1) using up-to-date PPI datasets rather than the outdated datasets used by Ali et al. (2014) , (2) using PPI networks obtained from other data sources (e.g., BioGRID) rather than from the databases used by Ali et al. NetDis-4, and (5) using network density instead of NetDis. Below, we present the results of these experiments.
3.1 Can the original phylogenetic tree be reconstructed by using up-to-date PPI datasets?
First, we perform the phylogeny reconstruction experiments with up-to-date PPI networks, obtained from the same databases used by Ali et al. (2014) for all species ( Supplementary Table S .2). The only exception in the study by Ali et al. (2014) is human, whose PPI network was obtained from HPRD rather than DIP, without any proper justification of this choice. HPRD is out-dated (being last updated in June 2010). Still, to be consistent with Ali et al. (2014) , we use this out-dated human PPI network while we use up-to-date PPI networks from DIP for the other species. We use exactly the same version of NetDis as Ali et al. Figure S. 2). However, when we perform the same experiment except that now we use up-todate human PPI network from DIP, the originally reported tree cannot be reconstructed, in the sense that the human PPI network is not correctly clustered with the other eukaryotes (Supplementary Figure S.3-B ). These results lead us to think that the choice by Ali et al. (2014) of using HPRD as the source of the human PPI data was not well founded and that this dataset was preferred over the human DIP dataset in order to obtain a phylogenetic tree that matches the ground truth.
Can the original phylogenetic tree be reconstructed by using PPI data from other sources?
We also reconstruct a phylogenetic tree using the PPI networks obtained from BioGRID instead of DIP. Namely, we use BioGRID networks for all eukaryotes. For the two bacterial species, H. pylori and E. coli, BioGRID does not contain their PPI networks, in the sense that the amount of their PPIs is small and insufficient to construct a reasonably connected network. Thus, we use the bacterial PPI networks obtained from DIP. On these data, we compute NetDis-4 again using the yeast PPI network (now from BioGRID rather than DIP) as the gold-standard network, and we reconstruct the corresponding phylogenetic tree. As shown in Supplementary Figure S Figure S.2) . Namely, the human PPI network is clustered with yeast instead of fly, and also, the cluster of bacteria is not identified accurately. Thus, the choice of data source for the same species and network types affects results of NetDis, which questions its practical usefulness in the proposed application to phylogeny reconstruction. In the context of this test, we conduct an additional analysis. That is, we test whether NetDis can indeed correctly identify the underlying topological similarities between PPI networks of the same species when the networks are obtained from different data sources. Importantly, in this evaluation, since we are aiming to cluster networks of the same species, which differ only in the origin of the data and are thus expected to be of similar size and density, the experiment is not affected by the differences in sizes and densities that might exist when aiming to cluster networks of different species. Specifically, we cluster the yeast, fly and human PPI networks from BioGRID with the same species' networks from DIP. For the claim that NetDis can reconstruct species phylogenetic relationships to be valid, for each species, the different (DIP versus BioGRID) PPI networks of that species should be clustered together, and they should be separated from networks of the other species. However, this is not what we observe ( Supplementary Figure S.4-B) . Namely, NetDis clusters networks of different species closer than networks of the same species. This could be due to varying levels of incompleteness and noise between the different data In Panel A, the phylogenetic tree is reconstructed by using up-to-date PPI networks from DIP for all species but human; the human PPI network comes from HPRD, and it is the same network used by Ali et al. (2014) . In Panel B, the phylogenetic tree is reconstructed by using up-to-date PPI networks from DIP for all species, including human.
sources. The above results demonstrate that it is hard to justify a particular choice of PPI network set in the phylogeny reconstruction experiments.
3.3 Can the original phylogenetic tree be reconstructed by using different networks as the gold-standard?
We also test the effect of choosing different PPI networks as the gold-standard network for the computation of NetDis. We compute NetDis using four different PPI networks as the gold-standard network: (1) Yeast -DIP, (2) Yeast -BioGRID, (3) Human -DIP, and (4) Human -BioGRID ( Supplementary Table S 3.4 Can the original phylogenetic tree be reconstructed by using NetDis-3 instead of NetDis-4?
When we perform the phylogeny reconstruction experiments with NetDis-3 rather than with NetDis-4, the reconstructed phylogenetic tree ( Supplementary Figure S.6) is different than the tree corresponding to NetDis-4 originally reported by Ali et al. (2014) . Therefore, different NetDis versions produce different results and a particular choice on NetDis version for the phylogeny reconstruction is hard to justify.
3.5 Can the original phylogenetic tree be reconstructed by using simpler network properties?
Finally, we evaluate whether the phylogenetic tree reconstructed by Ali et al. (2014) can also be (mostly) reconstructed by a simpler and computationally more efficient network similarity measure, such as comparing network densities. To test this, we first compute the network densities of the five PPI networks from Table 1 of Ali et al. (2014) . We compute the pairwise distances between each pair of these networks as the absolute differences of their densities. We use average linkage clustering on these pairwise distances to reconstruct the phylogenetic tree. As shown in Supplementary Figure S .7, the resulting phylogenetic tree is very similar to the original one reconstructed by NetDis and reported by Ali et al. (2014) , except that the cluster of E. coli and H. pylori is not correctly reproduced. Still, these bacterial networks are correctly separated from the eukaryotes. Hence, the topological similarities identified by NetDis can be mostly identified by network density, a network property that is much easier to compute than NetDis. This further supports our argument that the phylogeny reconstruction example of Ali et al. (2014) is insufficient to prove the strength of NetDis in the application to phylogeny reconstruction.
Bottom line
In summary, the phylogeny reconstruction by Netdis is strongly dependent on the sources of PPI data and the parameters of NetDis (i.e., the gold-standard network and the graphlet size). Hence, phylogenetic trees reconstructed from species' PPI network similarities cannot be claimed to be a result of the underlying evolutionary similarities between the species. The available PPI networks are still highly incomplete and noisy, and for this reason, one should approach the issue of phylogeny reconstruction from PPI network topology with caution. Due to all of the above listed reasons, we believe that the phylogenetic tree reconstructed by In Panel A, the phylogenetic tree is reconstructed by using PPI networks obtained from BioGRID for all species except the two bacteria; the H. pylori and E. coli PPI networks come from DIP, since BioGRID does not contain PPI networks of these species (see the text for details). In Panel B, the phylogenetic tree is reconstructed by using PPI networks of eukaryotes (i.e., fly, yeast and human) from two different data sources, DIP and BioGRID. In all of these experiments, we use the yeast PPI network from BioGRID as the gold-standard network of NetDis. In Panel A, the phylogenetic tree is reconstructed by using up-to-date PPI networks from DIP for all species but human; the human PPI network comes from HPRD, and it is the same network used by Ali et al. (2014) . In Panel B, the phylogenetic tree is reconstructed by using up-to-date PPI networks from DIP for all species, including human. 
